The binding site for glyceraldehyde 3-phosphate dehydrogenase on the membrane of the intact erythrocyte is not yet known, although studies on lysed erythrocytes would suggest a specific association of the enzyme with the 'Band 111' glycoprotein component of the plasma membrane (Yu & Steck, 1975; Saleemuddin & Zimmermann, 1978) . We have previously shown (Keokitichai 8c Wrigglesworth, 1980 ) that low concentrations of glutaraldehyde can be used on intact human erythrocytes to cross-link intracellular proteins to the inner surface of the plasma membrane. On subsequent haemolysis and fractionation, glyceraldehyde 3-phosphate dehydrogenase activity remains associated with the membrane fraction and cannot be eluted by salt treatment. Lactate dehydrogenase activity is associated with a supernatant fraction under the same conditions. We report here results of gel-electrophoresis experiments on human erythrocyte membranes after treatment of the intact cell with low concentrations of glutaraldehyde. The results are consistent with an association in uivo between glyceraldehyde 3-phosphate dehydrogenase and the 'Band 111' glycoprotein component of the erythrocyte membrane. Also reported are measurements of enzyme activity on fractions of glutaraldehyde-treated cells, which suggest a loose membrane association for aldolase and a cytoplasmic location for phosphoglycerate kinase.
Erythrocytes were separated from blood-bank whole human blood (used with 35 days of withdrawal) by centrifugation in 0.15 M-NaCI containing 5 mM-sodium phosphate, pH 8. Samples (1 ml) of the washed packed erythrocytes were incubated with concentrations of glutaraldehyde ranging from 0 to 0.05% at O°C for 60min. After incubation, the cells were washed twice by centrifugation (2000g for 20 min) and resuspension in the above glutaraldehyde-free buffered saline and then haemolysed by suspension in 5Ovol. of 5 mwpotassium phosphate, pH 8. Membrane and supernatant fractions were prepared as described previously (Keokitichai & Wrigglesworth, 1980) . Table 1 summarizes the results of analysis of the membrane fractions as assessed by sodium dodecyl sulphate/polyacrylamide-gel electrophoresis. After treatment of the intact cells with concentrations of glutaraldehyde above 0.05%, most of the material of the membrane fraction was extensively cross-linked into large aggregates, which failed to enter the gel. Between 0.01% and 0.05% glutaraldehyde, bands I and I1 diminished progressively and a set of bands in the 300000-dalton region appeared. Band IV disappeared at low glutaraldehyde concentration. Band VI, co-migrating with a glyceraldehyde 3-phosphate dehydrogenase marker, decreased in intensity as the glutaraldehyde concentration used on the intact cells was increased up to 0.04%. At the same time, band 111 increased in intensity and its range of molecular weight increased from an average value of 105000 to 140000. At 0.05% glutaraldehyde * Present address: Faculty of Pharmaceutical Sciences, Chulalongkorn University, Bangkok-5, Thailand. High-molecular-weight material appeared region appeared and above, the intensities of both band 111 and band VI diminished.
Under the same conditions of glutaraldehyde treatment of the intact cells, the membrane fraction prepared after haemalysis was found to contain 43% glyceraldehyde 3-phosphate dehydrogenase activity (compared with the total lysate activity of untreated cells) and 53% aldolase activity, but less than 3% phosphoglycerate kinase activity. The respective supernatant activities of these three enzymes were 4 I%, 43% and 64%.
Several glycolytic enzymes are found associated with particulate material after cell fragmentation under hypo-osmotic conditions (Green et al., 1965; Schrier, 1967; Clarke & Masters, 1975) , but the question has been raised as to whether this association occurs only under the conditions of haemolysis, or whether binding to the membrane occurs in uivo. To answer this question it is necessary to find techniques to fix the enzymes in the intact cell and to analyse their distribution after fractionation. From previous (Keokitichai & Wrigglesworth, 1980) and present results, mild glutaraldehyde treatment of intact erythrocytes is found to be sufficient to localize several membraneassociated proteins while allowing subsequent haemolysis and fractionation of the cellular material. In the present experiments, polyacrylamide-gel electrophoresis of membrane fractions isolated from glutaraldehyde-treated cells gives results almost identical with those previously reported for glutaraldehyde-treated membrane fractions (Steck, 1972; Ji, 1974; Wang & Richards, 1974) , suggesting that glyceraldehyde 3-phosphate dehydrogenase is located close enough to the plasma membrane to form cross-links with Band I11 glycoprotein in the intact cell. Band 111 glycoprotein has been identified as an anion-transport system in erythrocytes (Ho & Guidotti, 1975) , and the possibility arises that P, for reaction with glyceraldehyde 3-phosphate may preferentially reach glyceraldehyde 3-phosphate dehydrogenase through this system. The present results also suggest a membrane association for aldolase in uiuo, but, in contrast with results on cell lysates (Tillmann et al., 1975) , phosphoglycerate kinase appears not to associate with the plasma membrane in the intact cell.
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Solubilization is a necessary step in the characterization and purification of intrinsic membrane proteins, and detergent solubilization is the usual method of choice (Tanford & Reynolds, 1976) . A decision on the best detergent to use for the protein of interest can be made by preliminary studies on release of enzyme from a convenient membrane source. However, objective criteria of solubilization have rarely been applied to the choice of detergent. Polyacrylamide-gel electrophoresis can be used to compare molecular size, net charge and degree of polydispersity of native membrane proteins in different detergents (Newby et al., 1978; Newby & Chrambach, 1979) . It allows the definition of optimal solubilization as that leading to the smallest and least polydisperse active enzyme. In the present study this criterion has been applied to rat liver plasmamembrane 5'-nucleotidase (EC 3.1.3.5), a well-characterized ectoenzyme (Stanley et al., 1980) . In addition to a variety of commonly used ionic and non-ionic detergents, the novel zwitterionic detergent SB,,* (Gonenne & Ernst, 1978) (Sulfobetaine 14, Zwittergent TM3-14 from Calbiochem, C.P. Laboratories Ltd., P.O. Box 22, Bishops Stortford, Herts. CM22 7RQ, U.K.) was used to solubilize the enzyme before subsequent purification.
Initial studies were conducted with purified liver plasma membranes (Pilkis et al., 1974) suspended to 3mg/ml in I o m~-T e s (2-~[2-hydroxy-l,l-bis(hydroxymethyl)ethyl]-amino )ethanesulphonic acid)/NaOH, pH 7.5. Detergents were added from stock solutions to a final concentration of 0.01-2%. Mixtures were centrifuged at 48000g for 20min and supernatants collected. The 5'-nucleotidase activity in the supernatant and uncentrifuged mixture was determined by the radio-assay of Avruch & Wallach (1971) as described by Stanley et al. (1980) . The supernatants were applied to polyacrylamide gels prepared as described by Newby et al. (1978) , except that buffer in both stacking and resolving gels was 88 mwphosphoric acid/40m~-Trk (pH 6.89)/0.1% SB ,,.
The cathode buffer was 3 g of glycine + 4.56 g of Tridlitre, and anode buffer 5OmM-HCI + 7.57g of Tridlitre. The operating pH was 9.7. Ferguson-plot analysis (Ferguson, 1964) was conducted to determine molecular radius, and the value obtained for S'-nucleotidase was compared to those for standard proteins as described by Rodbard & Chrambach (1974) . Enzyme activity in the gels was determined either by radioassay or by a modification of the histochemical stain of Widnell (1972) . The enzyme produced a visible white lead phosphate precipitate (which could be scanned in a spectrophotometer at 400nm), when gels were incubated at 37OC in 0.1 M-Tris/maleate, pH7.5, containing 1 mM-Mg(NO,),, 1 mM-Pb (NO,), and 1 mM-AMP.
Abbreviation: SB I,,
3-(NN-dirnethyl-N-tetradecyl)ammonio-
propane-1 -sulphonate.
The maximum amount of 5'-nucleotidase released into the 48 000g supernatant after incubation of liver membranes with detergent was for N-dodecylsarcosinate 63%, sodium dodecyl sulphate 54%, Lubrol 53%, deoxycholate 45%, Triton X-100 18% and a mixture of Triton X-100 and deoxycholate (2: 1, v/w) 56%. Sodium dodecyl sulphate at 0.5% (w/v) caused a 40% loss of total enzyme activity. In contrast with these detergents, 0.5% (w/v) SB,, caused over 95% release of enzyme into the 48 OOOg supernatant.
When these supernatants were applied to polyacrylamide gels for Ferguson-plot analysis, the SB ,,-solubilized enzyme showed a single species of mol.wt. approx. 200000. Much of the enzyme released from the plasma membrane by the other detergents failed to enter the resolving gels used, indicating the formation of high-molecular-weight aggregates containing the enzyme. However, Triton X-100 did produce two low-molecular-weight forms of the enzyme, one similar to that produced in SB,, and another larger.
The ability to solubilize 5'-nucleotidase to a single molecularweight species with SB,, suggested that this detergent might be used in the purification of the enzyme, and would allow the application of conventional protein-fractionation techniques to its preparation. Purification of 5'-nucleotidase from whole rat liver was conducted as described by Widnell (1975) until and including the first 40%-satd.-(NH,),SO, step. The insoluble enzyme thus produced was solubilized at room temperature (22-25OC) with 2% (w/v) SB,,. The PI of the solubilized enzyme was determined as being in the range 5.4-6.0 by isoelectric focusing in the presence of SB,,. This allowed optimization of conditions for DEAE-cellulose chromatography, which was used as the next step in purification, followed by gel-exclusion chromatography on Ultragel AcA34 (LKB Instruments, 232 Addington Road, South Croydon, Surrey CR2 8YD, U.K.). The enzyme at this stage had a specific activity of 120 units/mg and appeared by gel electrophoresis to be approx. 50% pure.
It has been suggested (Newby & Chrambach, 1979 ) that the optimal solubilization of intrinsic membrane proteins occurs when protein-detergent complexes carry charges leading to mutual repulsion between different micelles. However, it is necessary to minimize interactions between detergents within a single micelle, since these can result in protein denaturation. This compromise may be achieved with mixtures of ionic and non-ionic detergents (Newby & Chrambach, 1979) . It is possible that zwitterionic detergents have this compromise built into their structure by being strongly amphipathic but having no net charge repulsion between adjacent head groups. An additional explanation for their apparently superior solubilizing ability of membrane enzymes may be the observation that they closely mimic the structure of the major mammalian membrane phospholipids phosphatidylcholine and phosphatidylethanolamine (Gonenne & Ernst, 1978) .
The present work emphasizes the requirement for objective criteria such as those based on polyacrylamide-gel electrophoresis in the choice of detergent for membrane-protein
